Aim: To study the relationship between the antihypertensive response of iptakalim and KCNJ11 polymorphisms in Chinese Han hypertensive patients. Methods: One hundred sixty two Chinese Han hypertensive patients were administered iptakalim (5 or 10 mg/d, po) for 8 weeks.
Introduction
Essential hypertension is the leading cause of cardiovascular morbidity and mortality worldwide, affecting about 20% of the adult population and only 23%-41% of hypertensive patients receiving antihypertensive drugs achieve adequate blood pressure control [1, 2] . Many drugs are effective in treating hypertension, although individuals can respond differently to the same drug. Interindividual variation in the efficacy of medications may be influenced by genetic variations [2] [3] [4] . Hypertension pharmacogenetics seeks to find genetic predictors of response to drugs that lower blood pressure. More and more studies have investigated associations between genetic polymorphisms and response to antihypertensive drugs [5] [6] [7] .
Iptakalim is a novel K ATP opener with antihypertensive properties targeting small arteries of hypertensive status in different models of hypertension in rats and dogs. It can produce long-lasting hypotensive effects without tolerance. At the same time it exertes a protective effect against hypertensive damage to target organs [8] [9] [10] [11] [12] [13] [14] [15] . Iptakalim is an effective and well tolerated antihypertensive drug. Individual variations for its antihypertensive effects have been observed [16] . Genetic variations that alter the structure, configuration, activity, or quantity of the drug target receptors or target-related regulation factors may contribute to individual variations in drug response [17] . Among the 3 different subtypes of K ATP channels heterologously expressed in human embryonic kidney cells and Xenopus oocytes, iptakalim exhibits significant selectivity for SUR2B/Kir6.1 channels, mild effects on SUR2A/ Kir6. 2 [8] . In this study, we aimed to investigate the polymorphisms of KCNJ11 in 162 Chinese patients with essential hypertension and their possible association with the antihypertensive response of iptakalim.
Materials and methods

Subjects
The material studied comes from all subjects who finished the trials in 5 centers of the phase-three clinical trials of iptakalim which is a randomized and double-blind trial performed in 14 centers in 11 cities in China. We studied 162 non-related Chinese Han patients with essential hypertension (81 men, 81 women; mean age±SD: 55±9 years; range: 26-74 years). Patients met World Health Organization-International Society of Hypertension criteria for hypertension (systolic BP [SBP]≥140 mmHg or diastolic BP [DBP]≥90 mmHg). Trained investigators assessed patents' BP on at least three different occasions. All patients underwent a complete physical examination. Secondary causes of hypertension and heart, liver, and kidney diseases were excluded by history and by physical and laboratory examinations. The diabetic patients (the fasting plasma glucose concentration>11 mmol/L) were excluded in this study. After a 2-weeks single-blind placebo run-in period, all patients were treated orally with iptakalim (Thadweik Academy of Medicine, Beijing, China) at a single daily fixed dosage of 5 mg (one tablet per day) for 4 consecutive weeks. After that, patients whose BP was less than 140/90 mmHg continued the same dose regimen for another 4 weeks. In patients whose BP was not adequately controlled (BP≥140/90 mmHg), the dose was doubled for the following 4 weeks. Patients were required to take their iptakalim around 9 am and carefully record the time they took the tablet. Blood pressure was measured before taking medicine on the first day and 24 h after 8 weeks of treatment. Three consecutive measurements were taken on the right arm of quietly seated participants with 1 min interval between replicates. If the difference between the measurements was more than 4 mmHg, the patient was asked to rest for 5 min, and then repeated the measurements. In all of our analysis, the average of three consecutive blood pressure readings was used. Written informed consent was obtained from all patients enrolled in the study in accordance with principles of the Declaration of Helsinki. The protocol of the study was approved by the institutional Ethics Committee.
Genotyping analysis
Genomic DNA was isolated from peripheral leukocytes. KCNJ11 gene was amplified by PCR and sequenced. The multiple sequence alignment program ClustalW2 (http:// www.ebi.ac.uk/Tools/msa/clustalw2/) and Chromas program were used for genotyping. The primers of KCNJ11 were designed using Primer3 (http://frodo.wi.mit.edu/primer3/). For specific amplification of DNA samples, two rounds of PCR amplification were carried out for KCNJ11. The primers and the amplification conditions for the first PCR were as follows:
forward F1, 5'-ACTGGGATTACAGGCGTGAG-3' and reverse R1, 5'-CCTGACCACAGGCACTTCTT-3', initial denaturation at 95 °C for 5 min followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at 58 °C for 30 s, and extension at 72 °C for 2 min, and final extension at 72 °C for 5 min. The PCR product is a 1824-bp fragment which was diluted (1:50) with water and used as templates to the second PCR. Amplification conditions for the second PCR were the same as that given above but the primers used were different (forward F2, 5'-GACTCTGCAGTGAGGCCCTA-3' and reverse R2, 5'-CCT-GCTGAGGCCAGAAATAG-3'). The product of the second PCR was a 1421-bp fragment which was sequenced (ABI 3730XL sequencer, PE Applied Biosystem, USA). cDNA and protein sequences were numbered according to NCBI ORF finder (http://www.ncbi.nlm.nih.gov/gorf/orfig.cgi; GenBank NM_000525.3) with nucleotide numbering beginning with the first Met.
Statistical analysis
Values are expressed as the mean±SD. The means for continuous variables in the 2 groups were compared using t-test and the differences among three groups were analyzed by one-way analysis of variance (ANOVA). The prevalence of categorical variables was compared using χ 2 -test. The blood pressure (BP) response was defined as the blood pressure before treatment minus the blood pressure at the end of 8 weeks of treatment. Multiple linear regression and logistic regression analyses were used to assess the influence of KCNJ11 polymorphisms on baseline BP and antihypertensive efficacy, with adjustment for potential confounding factors, including baseline BP, age, sex, and BMI. The SPSS 13.0 statistical package (SPSS, Chicago, IL, USA) was used for analysis. All tests were two-tailed and P<0.05 was considered statistically significant. Linkage disequilibrium and haplotypes analysis were done with a SHEsis software [18, 19] .
Results
Clinical characteristics
For the 162 patients in this study, there were no significant differences in age, sex, BMI, smoking status, alcohol consumption, baseline BP, heart rate and biochemical parameters among the three genotypes of the four polymorphisms before iptakalim treatment. Significant decreases in SBP and DBP occurred after treatment in all genotype groups (P<0.01). The posttreatment DBP was not different among the three groups, while the posttreatment SBP was both lower in patients with TT genotype of the A190A polymorphism and AA genotype of the I337V polymorphism (Table 1) .
Allele and genotype frequencies
Five polymorphisms were identified in 162 Chinese hypertensive patients. Four known polymorphisms were E23K, A190A, I337V and 3'UTR +62 G/A ( Figure 1 ). Complete information on genotypes and phenotypes was available for 162 patients. For A190A polymorphism, the frequencies of the C and T alleles were 55.6% and 44.4%, respectively, and the frequencies in three patients, and they are all heterozygous. Blood pressure of the patient with the novel R369C missense mutation which is yet unknown functional consequences can be well controlled by iptakalim. The fifth polymorphism found in this population is I284I, and the frequencies of genotypes were 157 CC, 3 CA, 1 AA, and 1 CT. Haplotype frequencies were calcu- 
They are H1 (A-C-G-G, 43%), H2 (G-C-A-A, 13%), and H3 (G-T-A-A, 44%).
Two kinds of Kir6.2 pore-forming proteins may be seen in this population: one is 23K/337V, and the other is 23E/337I. The patients with H1H1 genotype (A-C-G-G/A-C-G-G, n=35) may have 23K/337V pore-forming proteins. Those with H1H2 or H1H3 genotypes (A-C-G-G/G-C-A-A or A-C-G-G/G-T-A-A,  n=70 ) may have 23K/337V and 23E/337I pore-forming proteins. Those 
with H2H2, H2H3 or H3H3 genotypes (G-C-A-A/G-C-A-A, G-C-A-A/G-T-A-A, or G-T-A-A/G-T-A-A, n=57)
may have 23E/337I pore-forming proteins. Due to complete LD among E23K, I337V, and 3'UTR +62 G/A, these genotypes can be represented by the GG (H1H1, n=35) , GA (H1H2 or H1H3, n=70) and AA (H2H2, H2H3, or H3H3, n=57) genotypes of the I337V polymorphism, respectively. Therefore I337V can be used as a representative polymorphism for the next analysis.
Association of antihypertensive response with the four poly morphisms
The reduction in SBP and DBP was both largest in the TT (AA) group and smallest in the CC (GG) group. Reductions in SBP were statistically significant between the TT (AA) group and CC (GG) group for the A190A and I337V polymorphisms (-14.8 [10.3] 
Discussion
Kir6.2 is one of the pore-forming subunits of the K ATP channels which provide a unique link between cellular energetics and electrical excitability [20] . The KCNJ11 gene encoding human K ATP subunit Kir6.2 is located on chromosome 11p15.1 with only one 1173-bp exon. This work investigated the polymorphisms of KCNJ11 gene in 162 Chinese hypertensive population treated by iptakalim. Our data revealed that five polymorphisms were found in this population. Four known polymorphisms were E23K, A190A, I337V, and 3'UTR +62 G/A. E23K/I337V/3'UTR +62 G/A were found to be in complete LD in this population. The fifth polymorphism found in this population is I284I, and the frequencies of genotypes were 157 Each polymorphism was first considered by itself (ie, alone) as a predictor of BP response, then after adjustment for the concomitant variables(ie, after covariates) which included pretreatment (baseline) BP, gender, age, and body mass index. β (SE) is the regression coefficient (standard error). Genotype in the bracket is for the I337V polymorphism.
www.nature.com/aps Duan RF et al Acta Pharmacologica Sinica npg CC, 3 CA, 1 AA, and 1 CT. In addition, we identified two synonymous mutations (C480T, N160N; C579T, H193H) and one nonsynonymous mutation (C1105T, R369C) in three patients, respectively. The other polymorphisms reported in Germans were not found in this population [21] . This might somewhat reflect the racial difference.
The association of the four common polymorphisms of KCNJ11 gene and the BP response to iptakalim were further investigated. The four polymorphisms were significantly associated with SBP response to iptakalim (adjusted regression coefficient: 3.5 [1.2] mmHg; P=0.003 for the A190A polymorphism; adjusted regression coefficient: 3.1 [1.2] mmHg; P=0.012 for the I337V polymorphism). Patients with the TT (for the A190A polymorphism) and AA genotype (for the I337V polymorphism) exhibited greater systolic BP reduction and higher clinical efficacy than those with the CC (for the A190A polymorphism) and GG genotype (for the I337V polymorphism), respectively. Therefore the four polymorphisms may be used as genetic markers to predict SBP response and antihypertensive efficacy to iptakalim. To our knowledge, this study appears to be the first study to investigate the polymorphisms of KCNJ11 gene and the association of these polymorphisms with BP and BP response to antihypertensive drugs in Chinese Han hypertensive patients.
E23K and I337V are missense mutations which have functional consequences, however, A190A is synonymous mutation which has not very likely important functional consequences. The reason for A190A as a better marker for predicting SBP response of iptakalim may be explained by its linkage disequilibrium with other putative effective polymor- [22] . The E23K polymorphism in KCNJ11 gene appeared to be related to high susceptibility to coronary heart disease [23] . This polymorphism is also associated with left ventricular size in hypertensive individuals [24] . The results of Kir6.2-knockout mice experiment indicate that the Kir6.2 subunit mediates the depression of cardiac excitability and contractility induced by KCOs and it plays no discernible role in the arterial tree [25] . KCNJ11 E23K polymorphisms may also affect therapeutic efficacy of repaglinide [26, 27] . Iptakalim exhibits mild effects on SUR2A/Kir6.2 channels [8] . It is possible that the different composition of Kir6.2 pore-forming proteins might in part account for the different SBP response to iptakalim in Chinese Han hypertensive patients.
The limitation of this study is the lack of normal control group. This study shows that the four KCNJ11 polymorphisms were not related to baseline BP in the hypertensive patients. KCNJ11 polymorphisms were reported to be associated with blood pressure variation and hypertension in the Japanese and Korean population [28] [29] [30] . Further large scale association studies compared with control subjects are needed to clarify whether these polymorphisms are associated with the pathogenesis of hypertension in Chinese Han population.
In conclusion, we found five polymorphisms in KCNJ11 and demonstrated that polymorphisms of KCNJ11 are associated with the antihypertensive response of iptakalim in Chinese Han hypertensive patients. Patients with the TT genotype (for the A190A polymorphism) exhibited a more pronounced SBP reduction and higher clinical efficacy in response to iptakalim compared to patients with the CC genotype. It may be used as marker for predicting SBP response to iptakalim. This implies the advantage of genotyping for selecting the optimal antihypertensive treatment for individual patient.
